SUMMARY Supine plasma concentrations of epinephrine and norepinephrine were measured by a radioenzymatic method in 69 patients with essential hypertension and were compared with the levels found in 40 patients with hypertension resulting from chronic parenchymatous renal disease and in 18 normotensive controls. Mean plasma levels of epinephrine and norepinephrine were not statistically different in primary and secondary hypertension and comparable to levels in normotenstve controls. If the upper confidence limit is taken to be 0.4 ng/ml of plasma norepinephrine in renal hypertension, only three of 69 patients with essential hypertension (4%) had a slightly raised plasma norepinephrine and, with an upper confidence limit of 0 3 ng/ml in normal subjects, only four of 69 patients (6%) had a definitely raised plasma norepinephrine. Plasma norepinephrine was significantly higher in high-renin as compared to low-renin essential hypertension; it correlated neither with age nor blood pressure. Plasma epinephrine was suppressed in about 30% of the patients with primary and secondary hypertension and correlated significantly with heart rate and pulse pressure. On the basis of the present results, differences in the sympathetic tone in primary hypertension and secondary hypertension of renal origin are not obvious. Supine plasma catecbolamine levels do not add any new evidence to the concept that increased activity of the sympathetic nervous system is involved in the pathogeoesis of essential hypertension. In fact, plasma epinephrine is suppressed in a substantial number of patients with primary and secondary hypertension. Furthermore, since plasma reoin correlated with plasma norepinephrine only in essential but not in renal hypertension, it appears that the sympathetic nervous system contributes to basal renin release only in primary hypertension. In secondary hypertension resulting from chronic renal disease, basal renin release is probably maintained by the renal baroreceptors of the diseased kidneys. (Hypertension 3: 373-379, 1981 Received March 11, 1980; revision accepted October 17, 1980. sympathetic nervous system and on plasma catecholamines. A comparison of plasma levels of catecholamines in patients with essential hypertension and those with secondary hypertension of renal origin has to our knowledge not yet been performed. The purpose of the present investigation is to compare the plasma levels of epinephrine, norepinephrine, and renin in primary hypertension and secondary hypertension of renal origin.
T HE final conclusion about the neurogenic origin of essential hypertension is still under debate. Conflicting results are still being reported: whether in essential hypertension plasma catecholamines are raised 1 " 9 or not, 10 " 18 whether they correlate with plasma renin activity 14 ' 1B or not, 9 whether they correlate with blood pressure 5 ' 9 or not, 4 ' 6 and whether they increase with age 10 -1J or not. 4 ' 5 In all studies performed, patients with essential hypertension have been compared with normotensive controls, ignoring the possibility that the raised blood pressure per se could have an influence on the activity of the sympathetic nervous system and on plasma catecholamines. A comparison of plasma levels of catecholamines in patients with essential hypertension and those with secondary hypertension of renal origin has to our knowledge not yet been performed. The purpose of the present investigation is to compare the plasma levels of epinephrine, norepinephrine, and renin in primary hypertension and secondary hypertension of renal origin.
Material and Methods
We investigated 69 patients (24 females) with essential hypertension, 40 patients (22 females) with hypertension associated with well-established chronic parenchymatous renal disease, and 19 normal control subjects (all male). In patients with essential hypertension, we used routine clinical procedures including urinanalysis, rapid sequence urography, and determination of urinary catecholamines to exclude secondary forms of hypertension. The diagnoses in patients with renal hypertension were: chronic pyelo-373 374 HYPERTENSION VOL 3, No 3, MAY-JUNE 1981 nephritis (16) , chronic glomerulonephritis (8), dysplastic kidneys (9) , hydronephrosis (4), polycystic kidney disease (1), diabetic nephropathy (1), and analgesic nephropathy (1) . Serum creatinine was normal in 28 patients and raised in 12 patients, ranging from 2 to 11 mg/dl. Age, blood pressure, and 24-hour urinary excretion of sodium and potassium for the day prior to the study are given in tables 1-3 for the hypertensive subjects and normal controls. All patients were investigated after being off all medication for at least 2 weeks. Most patients (essential as well as renal hypertensives) had had antihypertensive therapy previously; drugs included saluretics, methyldopa, reserpine, beta-blockers, and clonidine.
After the patients had observed an overnight fast and 90 minutes of supine bed rest, 5 ml of heparinized blood containing reduced glutathion in a final concentration of 5 mM was taken by venipuncture of a forearm vein for catecholamine measurement and 5 ml EDTA blood for determination of plasma renin activity (PRA). Blood was immediately chilled to 4°C in an ice bath and plasma separated in a cooled centrifuge within 30 minutes. The heparinized plasma was frozen at -30°C until the samples were assayed for epinephrine and norepinephrine by a modification 17 of the method of Passon and Peuler. 18 Samples for PRA were incubated on the same day without prior freezing to avoid cryoactivation, and PRA was measured using the method of Boyd et al. 1B Concentrations of 24-hour urinary sodium and potassium from the day before the study were determined. Group differences were assessed either by Student's / test when the values were normally distributed, or by the Wilcoxon test. Tables 1-3 show mean values ± standard deviation (SD) of age, systolic, diastolic, and mean blood pressure, plasma norepinephrine and epinephrine, PRA, and 24-hour urinary sodium and potassium excretion in patients with essential and renal hypertension and in normal subjects. On the whole, plasma norepinephrine and epinephrine were statistically not different in primary and secondary hypertensives and in normal controls. Significantly higher plasma norepinephrine was seen in the high-renin as compared to the lowrenin subgroup only in patients with essential hypertension (p < 0.05) ( fig. 1 ). The significant correlation coefficients of plasma norepinephrine to other parameters are shown in table 4, and the correlations of plasma epinephrine to either norepinephrine or heart rate are shown in figures 2 and 3. Plasma norepinephrine correlated only with plasma epinephrine; it only correlated significantly with PRA when the correlation was corrected for age by partial correlation analysis. No correlation was found with age and with systolic, diastolic, or mean blood pressure.
Results
Plasma epinephrine levels in hypertensive patients and normal controls are shown in tables 1-3 and figure   4 . No differences in plasma epinephrine were found between patients with essential and renal hypertension ( fig. 4 ) or in the three renin subgroups of patients with essential hypertension (table 1) . The distribution of epinephrine concentrations in plasma varied in normal controls and hypertensive patients, the values in primary and secondary hypertension being positively skewed. Therefore, group differences had to be evaluated by the Wilcoxon test. Correlations of plasma epinephrine to other parameters are shown in table 4. Plasma epinephrine correlated positively with plasma norepinephrine, pulse rate, and pulse pressure in patients with essential hypertension; it correlated negatively with diastolic blood pressure. 
. Correlation of plasma norepinephrine to plasma epinephrine in patients with essential hypertension and low (i), normal ( • j and high (k) plasma renin activity. Only a weak correlation with a coefficient

. Plasma epinephrine in patients with labile (o) and stable ( • ) essential hypertension as compared with normal controls and patients with renal hypertension with normal { • ) and raised (•) serum creatinine. The three renin subgroups are shown combined, since there was no difference between low-, normal-, and high-renin essential hypertension (see table I).
Discussion
Our study does not reveal any major differences of plasma catecholamine concentrations in primary hypertension and secondary hypertension of renal origin. A group of patients with hypertension of known cause such as hypertension secondary to renal disease may be a better control group for assessing the relevance of plasma catecholamines in primary hypertension than normotensive controls, for two reasons: 1) alterations of plasma catecholamines in primary hypertension, if any, might not be the cause but the consequence of raised blood pressure; and 2) many patients with hypertension have had drugs in the past that are known to interfere with catecholamine synthesis or release. The drug-free interval before catecholamine determination in many previous studies (and in our present study) may have been much too short for any after-effects of antihypertensive therapy on plasma catecholamines to wear off. Therefore a comparison of primary and secondary hypertension patients with similar blood pressure values (tables 1 and 2), similar drug histories, and identical dmg-free periods might be more relevant than the usual comparison with normal subjects who had never had antihypertensive therapy. One obvious question is: Do some of the 28 patients with secondary hypertension and normal serum creatinine in fact have primary hypertension? Although we have taken great care in patient selection, this problem is impossible to solve.
If we take the upper confidence limit of 0.4 ng/ml of plasma norepinephrine in renal hypertension (table 1) , we find that only three of the 69 patients with essential hypertension (4%) had a plasma norepinephrine concentration slightly raised above that value ( fig. 1 ). Even if we compare plasma catecholamines in essential hypertension with our small group of normal subjects, we find only four of the 69 patients (6%) had a definitely raised plasma norepinephrine. Therefore, our findings strongly support the results of several studies indicating that plasma catecholamine concentrations and catecholamine excretion in primary hypertension are not raised, 10~1> ' *°~" and we are thus unable to support the results of Engelman et al. 7 and many other studies.
1 "' »-»> "• M With respect to renin subgroups of essential hypertension, we found that patients with high-renin hypertension have significantly higher plasma norepinephrine levels than those with low-renin hypertension. This result is in agreement with the findings of De Quattro et al. 16 and, with respect to urinary catecholamines, confirms the results of Imura et al. 31 and Horky et al. ia Our findings confirm that the sympathetic nervous tone is a determinant of renin release even under basal conditions. 12 It remains an open question whether the better indicator of sympathetic nervous system tone is the renin released into the circulation predominantly under sympathetic control" or the plasma norepinephrine spilled over into the circulation. Unfortunately, we were unable to extend our study to include responses of plasma catecholamines to maneuvers that are known to influence the activity of the sympathetic nervous system. Nevertheless, we still believe that extended supine bed rest gives the best standardized conditions for comparison of different patient groups, since maneuvers that influence sympathetic nervous system tone, such as dietary sodium depletion, are likely to have different basic mechanisms in patients with normal renal function and in those with chronic parenchymatous renal disease.
No correlation between plasma norepinephrine and systolic, diastolic, or mean blood pressure was found, even when the correlation was corrected for age or PRA. This is in agreement with the results of Sever et al., 4 Esler et al.," Engelman et al., 7 but in contrast to the results of Louis et al.
e > " and Brecht and Schoeppe.™ Correlation between plasma norepinephrine and blood pressure cannot be expected, however, if we acknowledge that there is little dispute that patients with low-renin hypertension have higher blood pressure values (table 1) and lower plasma norepinephrine levels ( fig. 1 ) than normal subjects or highrenin hypertensives.
Epinephrine levels in plasma in hypertensive patients have rarely been reported, and results are conflicting as to whether these levels are raised 3 ' M or not.
11 ' " Plasma epinephrine levels in our study were similar in all subgroups of patients with essential and renal hypertension (table 1) and also not higher in patients with labile hypertension as compared with stable essential hypertension ( fig. 4) . It is noteworthy that about 30% of the patients with primary and secondary hypertension had suppressed plasma epinephrine levels, leading to a positively skewed frequency distribution ( fig. 2 ). It appears possible that in a significant number of hypertensive patients the hypertensive process itself might lead to a suppression of epinephrine release. Values of plasma epinephrine and norepinephrine found by us in renal hypertension are probably not affected by the reduced kidney function, since plasma levels were similar in patients with and without raised serum creatinine. Furthermore, the accuracy of the epinephrine levels in our study is emphasized by their positive correlation to heart rate ( fig. 4 ) and pulse pressure. Such correlations would be expected from the action of epinephrine on heart and blood vessels.
Furthermore, it is noteworthy (table 2) that the PRA in the renal hypertensives is similar in the normal serum-creatinine group and the high serum-creatinine group. This suggests that, in this study, progression of renal disease does not affect PRA.
Although in our study plasma norepinephrine was comparable in primary hypertension and secondary hypertension of renal origin, mean PRA was twice as high in the latter group. This confirms our previous observation 32 that the PRA in renal hypertension, although not absolutely elevated, may be inappropriately high for any given sympathetic tone. In contrast to essential hypertension, where (even basal) renin secretion is primarily controlled by sympathetic tone," in secondary hypertension of renal origin renin secretion appears to be independent of the sympathetic nervous system" and maintained by the renal baroreceptors of the diseased underperfused kidney. Evidence for this is also the exclusive unilateral renin secretion in unilateral renovascular disease after nitroprussideinduced normotension. 37 
